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In West  African  savanna-woodland,  the use  of  prescribed  burning  as  a management  tool  has  ecological
implications  for  the soil  biota.  Yet,  the  effects of  ﬁre  on  soil  inhabiting  organisms  are  poorly  understood.
The  aim  of this  study  was  to examine  the  responses  of  soil  macro-invertebrates  to early  ﬁres  in  a  Suda-
nian savanna-woodland  on  a  set  of  experimental  plots subject  to different  fuel  load  treatments.  The
abundance  of  major  macro-invertebrate  taxa and  functional  groups,  and  taxon  richness  were  quantiﬁed
in  soil  cores  collected  from  three  different  soil  layers  before  and  immediately  after  burning.  The  results
indicated  that, overall,  there  was  substantial  spatial  and temporal  variation  in the  composition  of  macro-
invertebrate  assemblages.  The  immediate  effects  of  ﬁre  were  to reduce  total  invertebrate  numbers  and
numbers of  many  invertebrate  groups  dramatically.  This  is  probably  due  to  the  fact  that  many  of the
surface-dwelling  macrofauna  perished  as  a result  of  less  favorable  microclimate  due  to ﬁre,  diminished
resources,  or  migrate  to safer  environments.  Fuel  load  treatment  did not  affect  the  community  taxo-
nomic  richness  or abundance  of  the  soil-dwelling  fauna.  Furthermore,  annual  changes  in  community
composition  were  more  pronounced  at the  burnt  site  than  in  the  control.  This  could  be  related  to  the
inter-annual  difference  in  precipitation  pattern  recorded  during  the  two-year  study  period  at  our  site.
Since  soil  macrofauna  population  declines  in  ﬁre-disturbed  areas,  increasing  ﬁre  prevalence  may  jeopar-
dize the  long-term  conservation  of  ﬁre sensitive  macrofauna  groups.  Special  ﬁre management  attention
is  therefore  recommended  with due  consideration  to the  type  of  burning  and  fuel  properties  to avoid  the
detrimental  effects  of intense  ﬁre  affecting  the  resilience  of  savanna  soil  macrofauna  species.
©  2014  Elsevier  B.V.  All  rights  reserved.. Introduction
Fires are considered the most important natural disturbance
gent in various ecosystems, including savannas (Goldammer,
990; Swaine et al., 1992), grasslands (Briggs and Knapp, 1995;
yne et al., 1996) and forests (Theresa et al., 2008). Frequent ﬁres are
 product of the annual cycle of massive wet season vegetative pro-
uction that provides dry fuel loads, after seasoning, through the
nsuing dry season (Cheney and Sullivan, 1997; Dawes-Gromadzki,
007). Fire produces a wide spectrum of responses in the affected
cosystems depending on the interaction between many factors,
ncluding ﬁre severity, ﬁre intensity, duration of temperatures,
∗ Corresponding author. Tel.: +226 70133571; fax: +226 20 98 25 77.
E-mail address: doambaﬂore@yahoo.fr (S.W.M.F. Doamba).
ttp://dx.doi.org/10.1016/j.apsoil.2014.04.005
929-1393/© 2014 Elsevier B.V. All rights reserved.fuel loading, degree of combustion, vegetation type, climate, slope,
topography, soil characteristics, time since the last ﬁre and area
burned (Neary et al., 1999).
Soil is an important component of ecosystems that are likely to
be affected by ﬁre (Savadogo et al., 2007; Badía-Villas et al., 2014),
and the soil biota is one of the ﬁrst soil components to respond
to ﬁre exposure (Bezkorovainaya et al., 2007; Vasconcelos et al.,
2009). Fires affect many of the soil organisms that interact with
the below-ground environment either directly or indirectly. Direct
effects cause short-term changes, which are reﬂected in altered
species composition and changes in the abundance of some taxo-
nomic groups (Wikars and Schimmel, 2001). Heat penetration into
the soil during a ﬁre affects the survival of organisms; either the
animals or their eggs are directly killed or injured by the ﬂames or
by the heat of the ﬁre or by smoldering material. Indirect effects
are usually associated with long-term changes in the environment
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hat affect the welfare of organisms located below the soil surface
DeBano et al., 1998). These indirect effects can involve competition
or habitat, food supply and other more subtle changes in microcli-
ate (destruction of soil organic matter status, increased surface
nsolation, temperature or pH) that affect the reestablishment and
uccession of plants and animals (DeBano et al., 1998; Debouzie
t al., 2002). There is great variation in the way the soil fauna (in
erms of composition and abundance) respond to ﬁre, depending
n the intensity, frequency and season of burning, as well as pre-
nd post-ﬁre conditions (DeBano et al., 1998). Low-severity, rapidly
oving ﬁres do not have a major effect, whereas high-severity ﬁres
hat last a long time have the greatest impact. Moreover, macro-
auna species may  react in various ways to ﬁre; for instance while
ome invertebrates can burrow, migrate downward or ﬂy to escape
 ﬁre, species with immobile life stages (larvae, pupae) that occur
n the surface litter or on above-ground plant tissue are more vul-
erable (Malmström et al., 2009; Gongalskya et al., 2012).
In the Sudanian savanna-woodland, ﬁre is widely used as a con-
ervation management tool (Bellefontaine et al., 2000; Sawadogo
t al., 2005). Prescribed early ﬁre (burning taking place between
ctober and December–January when the fuel moisture content
s at a minimum of 40%) is recommended by managers as the
nly practical alternative to, often unavoidable, late ﬁres (set from
ebruary and just before the next rainy season in May) in the season
hich are reported to be detrimental to biodiversity and mainte-
ance of the ecosystem’s structure and function (Laris and Wardell,
006). Most studies focusing on how biodiversity is affected by ﬁres
ave considered plant species which had site speciﬁc response to
re (Zida, 2007; Savadogo et al., 2008). Knowledge about the effect
f ﬁre on soil biota is limited especially in relation to west Africa
Louppe et al., 1998). In this continent, most research has been
onducted in South Africa and has involved studying the impact
f repeated ﬁres on fauna (Foord et al., 2003; Uys and Hamer,
007; Oluwole et al., 2008). Frequent burning may  affect soil
rganic resource quality and quantity thereby leading to increase or
ecrease in soil macrofaunal population depending on time of burn-
ng occurrence and intensity. The results of other previous studies
ave revealed the adverse effects of increasing ﬁre frequency and
ntensity on soil fauna communities (Decaëns et al., 1994; Castano-
eneses and Palacios-Vargas, 2003). Some studies have reported
hat late ﬁre has a much greater destructive impact on soil fauna
opulation density and diversity than early ﬁres (Louppe et al.,
998). In contrast, other studies in South Africa have recorded a sig-
iﬁcant increase in the soil macrofauna population (Oluwole et al.,
008). An increase of 31.4% in the population density was  noted in
n annually burned stand against a reduction of the population in
tands burned every six years.
Understanding the effect of ﬁre on macrofauna is of value to both
onservationists and ecologists (Uys and Hamer, 2007) because this
omponent of the biota performs critical ecosystem functions in
oil nutrient cycles, pest control, pollination and waste disposal.
herefore, this study was designed to ﬁll the knowledge gap by
ontributing to our understanding of the factors that regulate the
tructure of soil faunal communities in ﬁre-adapted ecosystems
Frost and Robertson, 1987) like savanna-woodland and elucidat-
ng the consequences of this for ecosystem function. Speciﬁcally we
uantiﬁed soil macrofauna taxonomic richness and density under
ifferent fuel loads and pre–post ﬁre changes for an informed man-
gement that will enhance soil macrofauna resilience to facilitate
ffective ecosystem functioning. We  hypothesize that the survival
f soil-living macrofauna depends on both the fuel load quantity
nd the pre–post ﬁre environment; that in high fuel loaded plots
nd post ﬁre conditions soil macrofauna do not recover to pre-
urn levels in short term. In addition, we hypothesize that there
s vertical stratiﬁcation of the ﬁre effect, with large proportions of
ndividuals being affected in the top soil layer.oil Ecology 81 (2014) 37–44
2. Material and method
2.1. Study site description
The study was  conducted in Burkina Faso (West Africa)
in the Dindéresso State Forest Reserve (11◦13′59.88′′N and
4◦25′59.59′′W).  The forest was delimited by the colonial French
administration on July 4, 1935 and today covers 8 500 ha. The cli-
mate at this location is south-Sudanian with two  main seasons: the
rainy season extends from May  to October and the dry season from
October to April (Fontès and Guinko, 1995). Rainfall and tempera-
ture data were collected at the synoptic station within the airport
(11◦09′36′′N and 4◦19′51′′W)  located about 20 km from the study
site (ASECNA-Agence pour la Sécurité de la Navigation Aérienne en
Afrique et à Madagascar). The mean annual rainfall for the study
period, 2009–2011, was  1010 ± 145 mm (mean ± standard error).
The lowest rainfall (831 mm)  was  recorded in 2011 and the high-
est (1290 mm)  in 2010. Besides the yearly variation, some monthly
variations are also observed; most rain falls between June and
September with the maximum in August. Mean daily minimum
and maximum temperatures ranged from 16 to 32 ◦C in January
(the coldest month) and from 26 to 40 ◦C in April (the hottest
month). Soils at the reserve are derived from sedimentary sub-
strates and classiﬁed as Lixisols according to Driessen et al. (2001).
The soil characterization across the entire reserve indicated that
they are mainly deep (>85 cm)  and dominated by a sandy loam tex-
ture (57.5%) followed by sandy textures (17.5%), loamy sand (15%)
and loamy silty clay textures (10%). They have poor fertility status
(pH 5.95; N: 0.058%; P: 1.77 ppm; C: 0.33%) and low organic matter
content (OM: 0.57%) (BUNASOLs, 1985). Phyto-geographically, the
study site is located in the Sudanian regional center of endemism
in the south Sudanian Zone (Fontès and Guinko, 1995). The Suda-
nian savanna is an area stretching across the African continent
from Senegal in the west to the Ethiopian highlands in the east
and is characterized by a dry season lasting 6–7 months and a
mean annual rainfall between 700 and 1200 mm (Menaut et al.,
1995). The vegetation type at the site is a tree/bush savanna with
a grass layer dominated by the annual grasses Andropogon pseu-
dapricus Stapf. and Loudetia simplex (Pilger) C.E. Hubbard as well as
the perennial grasses Andropogon gayanus Kunth. and Andropogon
ascinodis C.B.Cl. Species in the families Combretaceae, Mimosaceae
and Cesalpiniaceae dominate the woody vegetation component. In
terms of cover, the main woody species are Combretum nigricans
Lepr. ex Guill. & Perr., Acacia macrostachya Reichenb. Ex Benth.,
Anogeissus leiocarpus (DC.) Guill. & Perr. and Vitellaria paradoxa C.F.
Gaertn.
2.2. Burning experiment and fuel load treatments
The investigation of soil physical and chemical properties was
performed at an experimental site which was established in August
2009. The plots were located on ﬂat ground to eliminate the
inﬂuence of slope on ﬁre behavior (Trollope et al., 2002). The exper-
imental area (11.16 ha) comprised three non-contiguous blocks
(3.72 ha) (Fig. 1). The blocks were located to as to minimize
variation in aspect, slope, and soil type after a preliminary recon-
naissance survey. Each block was  further divided into seven plots
of 0.24 ha (80 × 30 m).  The plots were separated from each other
by 10 m ﬁre-breaks and each block was surrounded by a 20 m wide
ﬁre-break. All the blocks were similar and have been subject to
moderate grazing, mainly by livestock (a mixed herd of cattle, sheep
and goats) all year round. The woody vegetation covers an average
of 44% in each plot.
The fuel load treatment procedure was as follow: ﬁrst, except on
the control plot, the herbaceous vegetation was  harvested manu-
ally by cutting at the base, approximately 10 cm above the ground.
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he harvested biomass and available plant litter were weighed
n situ before taking the material to the laboratory, where biomass
as determined by again weighing, then it was placed in an oven for
8 h at 105 ◦C, and ﬁnally reweighed. Fire is applied on the same day
hen the cutting occurred. Based on the dry weight of the material
rom each plot, three fuel load treatments were considered prior to
arly and late burning:
 normal fuel load (NF), the initial available fuel was cut and left
having been spread uniformly across the plot to ensure 100% fuel
bed continuity by covering any areas of bare soil;
 reduced fuel load treatment (RF): half of the initial fuel load was
left on the plot and the rest removed;
 increased fuel load (IF): the second half of the fuel removed from
RF was added to the initial fuel collected on the IF plots, all of it
was spread out evenly.
Further, the following ﬁre treatments, each with 3 replicates,
ere randomly assigned to the 21 plots starting in 2009: no ﬁre:
ontrol plots; early ﬁre: ﬁre set at the beginning of the dry season
n December; and late ﬁre: ﬁre set at the end of the dry season
nd just before the next rainy season at the end of February. The
uel load was 1.64 ± 0.47, 1.31 ± 0.38 and 0.64 ± 0.18 T ha−1 on the
F, NF and RF plots, respectively. In each season, ﬁre was initiated
arly in the morning (6 am to 9 am)  when the wind speed and air
emperature were lowest. The ﬁres were lit by ignition with a drip
orch all along one side of each plot to establish a ﬁre line rapidly
nd to ensure linear ignition.
.3. Sampling procedure
Soil macrofauna was sampled at three different points at
egular intervals, across the middle of each plot before and after
he ﬁre event, in two consecutive years. At the same time, sam-
ling was conducted in control plots protected from ﬁre. At each
ample point, one soil block of 25 cm by 25 cm to 30 cm depth was
ollected and sorted according to the standard method used by the
ropical Soil Biology and Fertility Institute (referred to as the ‘TSBF
oil monolith method’ (Anderson and Ingram, 1993; Moreira et al.,
008)). Litter was collected from within a quadrat of 25 cm by
5 cm,  and a trench excavated to 30 cm depth around the quadrat.
he soil block was removed from the ground, divided into three
ayers each 10 cm deep (i.e. 0−10 cm,  <20 cm and <30 cm), and care-
ully hand-sorted in a large tray; the macrofauna were collected soil
sing forceps. Invertebrates were preserved in 70% alcohol. In total,
3 monoliths were excavated: 54 monoliths from plots subjected to
re (27 before and 27 after ﬁre) and 9 monoliths in the control plots.
oil macrofauna, carefully collected, were identiﬁed to order using
n identiﬁcation key (Delvare and Aberlenc, 1989) but also withreased fuel load. This design was replicated at three different locations).
the help of a taxonomist (E. Ilboudo-Tapsoba) from the University
of Ouagadougou (Burkina Faso). As juvenile and larval stages of
some groups were often difﬁcult to discriminate, identiﬁcation
was done down to the family level as indicated in Mamaev (1972).
2.4. Data analysis
Taxonomic richness (S) was  estimated as the number of families
of macrofauna in the control soil and within each experimental plot
and depth of sampling. Speciﬁcally, we calculated soil macro-fauna
abundance (for n = 3 replicates). For all parameters, mean values
and standard errors are given. The impact of the factors ‘treatment’,
‘depth of soil sampling’ and ‘environmental conditions’ (pre- and
post-ﬁre) on the abundance and taxonomic richness of soil fauna
groups were tested by means of a generalized linear model (GLM).
Typically, the number of individuals (i.e. density) is considered the
appropriate measure of species abundance (Magurran, 2004). Tax-
onomic richness and abundance values therefore exhibited Poisson
distributions of errors which were used to provide the best ﬁt for
the available datasets (Model 1). As we used count data, a gener-
alized linear model (GLM) with a Poisson distribution was  used to
take into account of non-normal errors associated with this type
of data (Crawley, 2007). When the Poisson GLM exhibited over
dispersion (Lindsey, 1999), with a variance larger than the mean,
appropriate modeling was  based on a quasi-likelihood approach to
account for over dispersion by introducing a dispersion parame-
ter (˚) in the relationship between the variance and mean, where
2 = ˚. The dispersion parameter was  estimated as the ratio of
the deviance to its associated degrees of freedom (McCullagh and
Nelder, 1989). For taxonomic richness and abundance the following
model was used:
Nisk ∼ P(exp( + ˛s + ˇk + sk))Model1
The magnitude of the effect of treatment, depth and test was
determined using the partial eta squared (2) statistic, and the
effect was considered to be small, moderate or large if this statis-
tic had a value of approximately 0.01, 0.06 or 0.14, respectively
(Cohen, 1988). When a signiﬁcant difference was detected, a pair-
wise comparison was  conducted using Tukey’s test at the 5% level
of signiﬁcance. All statistical analyses were performed with the R
statistical software (R Development Core Team, 2012).
3. Results
3.1. Fuel load parameters and macrofauna abundance and
richness
Overall 444 indiv m−2 were identiﬁed before the ﬁre compared
to only 87 indiv m−2 after ﬁre during the ﬁrst year of assessment
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Table  1
Density (indiv m−2) of soil macrofauna in 2009 and 2010 in plots with different fuel load treatments before and after burning in a Sudanian savanna-woodland in Burkina
Faso.  L: larvae of insects, RF: reduced fuel load; NF: normal fuel load; IF: increased fuel load; CT: control; PRE: pre-ﬁre.
Classes Orders Families Year 2009 Year 2010
IF RF NF CT IF RF NF CT
Arachnida Araneae All Spiders 3 ± 2b 6 ± 2b 9 ± 5b 4 ± 2b 0 0 2 ± 1b 5 ± b
Chilopoda Geophilomorpha Geophilidae 2 ± 1b 13 ± 6b 2 ± 1b 2 ± 1b 6 ± 2b 4 ± 2b 0 9 ± 4b
Diplopoda Julida Julidae 2 ± 1b 0 3 ± 2b 4 ± 3b 0 4 ± 2b 0 0
Diplopoda Polydesmida Polydesmidae 0 2 ± 1b 0 0 2 ± 1b 9 ± 2a 9 ± 4a 15 ± 11a
Insecta  Hymenoptera Formicidae 104 ± 11a 73 ± 23a 142 ± 57a 98 ± 29a 122 ± 42a 22 ± 9a 36 ± 18a 4 ± 2b
Insecta  Isoptera Termitidae 27 ± 20a 244 ± 60a 178 ± 89a 22 ± 9a 0 0 2 ± 1b 4 ± 2b
Insecta  Coleoptera Scarabaeidae 0 5 ± 2b 2 ± 1b 9 ± 2b 0 4 ± 3b 0 0
Insecta Coleoptera Tenebrionidae 0 0 0 4 ± 2b 0 0 0 0
Insecta Hemiptera Cydnidae L 2 ± 1b 2 ± 1b 0 0 0 0 0 0
Insecta Coleoptera Elateridae L 3 ± 2b 5 ± 2b 0 0 0 0 0 0
Insecta Coleoptera Carabidae L 5 ± 3b 3 ± 1b 0 3 ± 2b 3 ± 2b 2 ± 1b 9 ± 2a 9 ± 1b
Insecta  Coleoptera Staphylinidae L 2 ± 1b 2 ± 1b 0 0 0 0 0 0
Insecta Coleoptera Tenebrionidae L 0 3 ± 2b 0 0 2 ± 1b 2 ± 1b 6 ± 2b 0
Insecta Coleoptera Carabidae L 0 0 0 0 0 0 6 ± 1b 3 ± 2b
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FOligochaeta Haplotaxida Lumbricidae 0 
Density (indiv m−2) 147 ± 42a 11
n 2009. These individuals were divided into nine families, belong-
ng to eight orders and four classes (Tables 1 and 2). There was a
lear dominance of the class of insects which accounted for 90.7%
f identiﬁed individuals; the best represented families were Formi-
idae (38% before and 44% after ﬁre), and Termitidae (53% before
nd 49% after ﬁre). After the ﬁre, the total number of individuals
nd the mean density (number of indiv m−2) decreased sharply in
ll treatment plots. The reduction in the size of the total commu-
ity amounted to 85% on increased fuel load plots (IF), 88.53% on
educed fuel load plots (RF) and 94.27% in normal fuel load plots
NF). The overall density of soil fauna ranged from 64 ± 9 indiv m−2
n increased fuel load (IF) plots to 67 ± 40 indiv m−2 in reduced
uel load (RF) plots in 2009 and from 83 ± 26 indiv m−2 in IF to
08 ± 50 indiv m−2 in RF plots in 2010. In the control plots, soil
auna density was 24 ± 8 and 35 ± 13 indiv m−2, respectively, in
009 and 2010. However in the burnt plots there was no signiﬁ-
ant difference between the fuel load treatments in either 2009 or
010 (Fig. 2, p = 0.552 and p = 0.507, respectively in 2009 and 2010).
urther, there was a signiﬁcant difference between the soil macro-
auna groups in all treatment plots (Table 2, p < 0.05). Formicidae
nd Termitidae families were signiﬁcantly represented with high
bundance in nearly all fuel load treatments plots (Tables 1 and 2).
oil macrofauna taxonomic richness was not affected by fuel load
reatment during any of the sampling periods (Fig. 2, p > 0.05). In
ddition, there were no signiﬁcant interactions between the main
able 2
ensity (indiv m−2) of soil macrofauna in 2009 and 2010 in plots with different fuel load
aso.  L-larvae of insects, RF: reduced fuel load; NF: normal fuel load; IF: increased fuel loa
Classes Orders Families Year
IF 
Arachnida Araneae All Spiders 0 
Chilopoda Geophilomorpha Geophilidae 5 ±
Diplopoda Julida Julidae 0 
Diplopoda Polydesmida Polydesmidae 0 
Insecta Hymenoptera Formicidae 19 ±
Insecta Isoptera Termitidae 0 
Insecta Coleoptera Scarabaeidae 0 
Insecta Coleoptera Tenebrionidae 0 
Insecta Coleoptera Carabidae L 0 
Insecta Coleoptera Carabidae L 0 
Insecta Coleoptera Tenebrionidae L 0 
Insecta Coleoptera Elateridae L 0 
Insecta Coleoptera Staphylinidae L 0 
Insecta Hemiptera Cydnidae L 0 
Oligochaeta Haplotaxida Lumbricidae 0 
Density (indiv m−2) 24 ±b 2 ± 1b 0 0 0 0 0
02a 179 ± 158a 78 ± 51a 71 ± 49a 26 ± 20a 33 ± 29a 49 ± 22a
factors (i.e. depth, pre and post ﬁre sampling, and fuel load treat-
ment) in terms of soil macrofauna abundance and richness.
3.2. Fuel load and macrofauna recovery
The population dynamics of soil fauna subjected to two consec-
utive years of burning was marked by an annual variation. Thus,
in the second year of burning (2010), there was  an increase in
the number of individuals and density (number of indiv m−2) after
burning compared to the situation before burning in most treat-
ment plots; the exception was the increased fuel load plots, where
the opposite trend was  observed. In contrast, ﬁre induced a sig-
niﬁcant decrease (F[1,36] = 8.587, p = 0.005) in the density of soil
fauna during the ﬁrst year of measurement. It decreased by 90% in
the post ﬁre sample; the soil fauna density was  94 ± 28 indiv m−2
before the ﬁre and the corresponding value after the ﬁre was 9 ± 3
indiv m−2. Moreover, burning resulted in a signiﬁcant decrease in
the density of Formicidae (35 ± 9 and 4 ± 2 indiv m−2, respectively,
for pre and post ﬁre sampling) and the effect was large (Table 3,
F[1,36] = 11.561, p < 0.001, 2 = 0.182). Nevertheless, among the soil
organisms, the Formicidae and Termitidae were strongly repre-
sented in the post-ﬁre sample (F[1,90] = 2.527, p = 0.004, 2 = 0.204
in 2009 and F[1,90] = 2.665, p = 0.003, 2 = 0.209 in 2010). The larvae
were completely absent from the post ﬁre soil sample in 2009 while
in 2010 there was, surprisingly, a larger community after burning
 treatments before and after burning in a Sudanian savanna-woodland in Burkina
d; CT: control; POS: post-ﬁre.
 2009 Year 2010
RF NF IF RF NF
2 ± 1b 2 ± 1b 3 ± 1b 2 ± 1b 2 ± 1b
 2b 0 0 6 ± 2b 0 3 ± 2b
0 0 3 ± 2b 4 ± 2b 9 ± 2b
0 0 9 ± 5b 13 ± 6b 13 ± 11b
 10a 2 ± 1a 15 ± 6a 53 ± 25a 33 ± 3a 602 ± 520a
40 ± 24a 3 ± 2a 82 ± 49a 524 ± 255a 133 ± 102a
0 0 0 0 0
0 0 0 0 0
0 0 2 ± 1b 0 0
0 0 9 ± 5b 0 0
0 0 6 ± 1b 2 ± 1b 0
0 0 0 2 ± 1b 0
0 0 0 0 3 ± 2b
0 0 0 2 ± 1b 0
0 0 2 ± 1b 0 0
 12a 44 ± 28a 19 ± 10a 173 ± 94a 581 ± 271a 763 ± 642a
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Fig. 2. Effects of fuel load treatment on soil macrofauna density (indiv m−2) (A), richness (number of families) (B), on termite (C) and ant (D) density (indiv m−2) during two
different years of prescribed early ﬁre application in the sudanian savanna-woodlands in Burkina Faso. For each year mean with the same letter are not signiﬁcantly different
(p  < 0.05).
Table 3
Pre- and post-burn soil macrofauna abundance (number of individuals), taxonomic (number of families) and density (indiv m2) during two different years of prescribed early
ﬁre  application in the Sudanian savanna-woodlands in Burkina Faso. For each factor, means followed by the same letter are not signiﬁcantly different (p < 0.05) according to
Tukey’s HSD.
Density/diversity parameters 2009 2010
PRE POST PRE POST
Overall abundance (N) 93.50 ± 28.60a 9.40 ± 2.70b 68.31 ± 24.90a 168.888 ± 50.964b
4.12 ±
4.61 ±
0.70 ±
t
o
s
t
s
(
3
e
C
(
n
n

ﬁ
l
l
t
t
(
s
tDensity  formicidae 35.40 ± 9.10a 
Density  termitidae 27 ± 13.80a 
Taxonomic richness (S) 2.60 ± 0.23a 
han before. The ﬁre event induced a signiﬁcant change in the tax-
nomic richness of the soil macrofauna. During the ﬁrst year of
ampling (Table 3, F[1,36] = 46.446, p = 0.000, 2 = 0.563), the highest
axonomic richness was found in the pre-burn soil, while during the
econd sampling the highest value was found in post-burn sample
Table 3).
.3. Variation of macrofauna between top soil layers
The soil fauna density was not affected signiﬁcantly in the differ-
nt topsoils during the two years of investigation (Fig. 3, p > 0.05).
onsiderable within-plot variability was observed for the main taxa
Termitidae, Formicidae, Geophilidae, Julidae) although this was
ot always signiﬁcant. The main effect of depth of soil sampling was
ot signiﬁcant for the Formicidae (Fig. 3, F[1,36] = 1.268, p = 0.290,
2 = 0.047), but some variations exist between different soil pro-
les. Their density was higher (30 ± 13 indiv m−2) in the 10–20 cm
ayer than the 0–10 cm layer (10 ± 4 indiv m−2) and the 20–30 cm
ayer (19 ± 7 indiv m−2); the latter two were similar. In addition,
he main factors (i.e. depth, pre and post ﬁre sampling, fuel load
reatment) had no signiﬁcant effect on the density of Termitidae
p > 0.05) in the second year of investigation and there were no
igniﬁcant interactions. Furthermore, there was no effect of ﬁre
reatments on the depth distribution of soil macrofauna taxonomic 1.61b 19.92 ± 11.01a 76.38 ± 41.21a
 2.40a 42.14 ± 18.850a 82.14 ± 33.65a
 0.15b 1.630 ± 0.28a 2.78 ± 0.26b
richness during the ﬁrst sampling year. However, during the second
year, these ﬁre treatments signiﬁcantly affected the depth distri-
bution of soil macrofauna taxonomic richness and the difference
was large (Fig. 3B, F[1,36] = 3.391, p = 0.045, 2 = 0.159). The effect
was similar in the top two horizons, but somewhat different in the
lower horizon (Fig. 3B).
4. Discussion
4.1. Fuel load parameters and macrofauna abundance and
richness
Overall, there was substantial spatial and temporal variation in
the composition of macro-invertebrate assemblages. As expected,
invertebrates collected at recently burnt sites (post-ﬁre in 2009)
showed that the immediate effects of ﬁre were to reduce dramati-
cally total invertebrate numbers and numbers of many component
invertebrate groups. This is probably due to the fact that many of
the surface-living macrofauna either die in the ﬁre or migrate to
safer environments. This observation is in agreement with previ-
ous studies (Louppe et al., 1998; Malmström et al., 2009). At Lamto
in Côte d’Ivoire (West Africa), a study of the effect of ﬁre on soil
macrofauna indicated a decrease of 39.95% and 59.60%, respec-
tively, during early and late ﬁres (Louppe et al., 1998). Fire destroys
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wig. 3. Depth distribution of soil macrofauna (indiv m−2) (A), richness (number of f
rescribed early ﬁre application in the Sudanian savanna-woodlands in Burkina Fas
he preferred part of the soil habitat for most soil organisms, i.e. the
itter and uppermost humus layer, or if the ﬁre is very severe, the
ntire humus layer. This habitat destruction is likely to be the most
mportant factor affecting survival in the soil both during and after
 ﬁre. The effect of ﬁre was  strongest on species and groups living
ear the surface, indicating that different species react differently
o ﬁre and its intensity. Higher mortality rates (up to 100% in sur-
ace horizons) have been recorded (Wikars and Schimmel, 2001).
ortality of soil macrofauna may  be directly caused by ﬂames or
moldering material; also some soil organisms may  be suscepti-
le to gas or heat transferred into the soil (Satyam and Jayakumar,
012).
The results of the study also show that soil organisms are sen-
itive to ﬁre intensity. Their density decreased by almost half with
ncreasing fuel (IF) during the two years although no signiﬁcant
ifference was observed between the fuel load treatments (NF, IF,
F). Nevertheless, Formicidae and Termitidae families were signif-
cant represented in most fuel load treatments plots. Many authors
ave reported the harmful effect of ﬁre on soil organisms (DeBano
t al., 1998; Gongalskya et al., 2012). These authors indicate that
rganisms may  be trapped in the soil and the heat transferred to
he surrounding environment. A more intense ﬁre will release more
eat into the soil (Steward et al., 1990) and, thus, kill more animals.
his increase may  be sufﬁcient to kill or injure many organisms
Satyam and Jayakumar, 2012). Ahlgren (1974) pointed out that
aunal responses to ﬁre are associated with variations that depend
eavily on the intensity, frequency and ﬁre season. In addition to
re frequency, ﬁre intensity – which may  vary temporally and spa-
ially – has been reported to induce depletion in soil macrofauna
iversity because it results in the death of organisms (Castano-
eneses and Palacios-Vargas, 2003) or signiﬁcant depletion in the
utrient capital of the soil. In general, the results revealed also that
oil macrofauna taxonomic richness is not affected either by the
uel load treatment or by the sampling periods. This is probably
elated to the lack of signiﬁcant difference between the treatments
ith respect to the ﬁre intensity (Doamba et al., 2014).s) (B), on termite (C) and (D) ant density (indiv m−2) during two different years of
 each year mean with the same letter are not signiﬁcantly different (p < 0.05).
4.2. Fuel load and macrofauna recovery
Annual variations were observed in the structure, composition
and taxonomic richness of soil macrofauna. Thus, contrary to the
decrease in density recorded in 2009, an increased number of indi-
viduals and density were observed in the second year of burning.
This could be related to the inter-annual difference in precipitation
pattern during the two-year study period at our site. Experiments
conducted in South Africa on the effects of ﬁres on soil macro-
fauna have also found an increased range from 31.13% to 51.36%,
respectively, associated with repeated annual burning or ﬁre occur-
ring every three years (Oluwole et al., 2008). This variation could
be attributed to the fact that the soil did not reach temperatures
high enough to kill the invertebrates; but it could also be due to
food resource limitation following the release, by burning, into
the soil of plant nutrients bound to vegetation and organic dead
material. A slight increase in temperature and availability of food
(remnants of burned plants and their roots) have been reported
to stimulate the proliferation of organisms and the functioning of
some groups of soil animals that survive the ﬂames (Blair, 1997). In
addition, an analogous variability of taxonomic richness responses
of macro-invertebrates has been reported in previous studies
(Dawes-Gromadzki, 2007). The fact that taxonomic richness varied
between years at burnt sites can be explained by either a change
in taxonomic richness or a shift in dominance structure between
species.
Our results show that Formicidae and Termitidae groups, sur-
vived better than other animals. Furthermore, in South Africa, Parr
et al. (2004) showed most Formicidae were present shortly after
ﬁres, which is similar to the situation in Australian savanna (Barrow
et al., 2007; Parr and Andersen, 2008). In fact, this tolerance can be
explained by their preferential establishment of nests in sparsely
covered and bare ground and their capacity to live in deep bur-
rows (Lepage, 1974; Underwood and Christian, 2009). Their nests
often act as a refuge for them during ﬁres (Decaëns et al., 1994;
Gongalskya et al., 2012). The present study also revealed that
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arvae were wiped out by the ﬁrst ﬁre event in 2009. This is probably
ecause the ﬁre temperature reached or surpassed the threshold
ethal temperature for small organisms, i.e. 50 ◦C (Lyon et al., 1978;
almström, 2008). Therefore, organisms were directly killed and
heir eggs destroyed by the ﬂames or the heat released during com-
ustion.
.3. Variation of macrofauna between top soil layers
Despite of the variability in the different topsoil layers during the
wo years of investigation, no difference was observed in macro-
auna density. However, the depth of soil sampling signiﬁcantly
ffected soil macrofauna taxonomic richness with a decreasing
rend. Gongalskya et al. (2012) noted that the survival of soil-
welling organisms at depth was high compared to those living
n the surface or near the surface because of the high risk of being
xposed to heat damage. Further, DeBano et al. (1998) suggested
hat the effects of ﬁre are more pronounced on organisms living in
he surface litter. In contrast, those already living deeper in the soil
nd that are able to migrate downward during the ﬁre can escape
amage (McCullough et al., 1998; Wikars and Schimmel, 2001).
owever, invertebrates response to ﬁre vary among different tax-
nomic group (Vasconcelos et al., 2009; Andersen et al., 2012). An
bundance has often been found to increase on the ground after
re (Andersen, 1988; Pryke and Samways, 2012a,b). The increase
n the quantity of available litter materials from dead root mass
hich is a source of food for the macrofauna immediately after
urning could attract some groups to burned areas (Blair, 1997).
eports from other studies showed also that some invertebrate
redators are potential contributors to the overall species richness
Pryke and Samways, 2012a,b). These kinds of invertebrate are spe-
ially attracted by weakened or injured animals that become easy
rey.
. Conclusions and management implications
Fire, as a natural or anthropogenic disturbance, can profoundly
nﬂuence terrestrial ecosystem structure and function. The aim of
his study was to evaluate the immediate effects of prescribed
urning on soil-dwelling invertebrates. The results of this study
howed that all soil fauna species responded with decreased abun-
ances shortly after burning. This decline can be partly explained
y the high temperatures, because most macrofauna cannot sur-
ive the lethal temperatures easily exceeded during a ﬁre. Since
re is unavoidable in the savanna ecosystem, its integration in the
anagement plans is required: early ﬁre seems to be a good man-
gement option in soil perspective to compromise between total
re protection (which is utopian). Thus, the application of annual
arly ﬁre could continue with due caution to the timing of burn-
ng, weather conditions and other possible factors related to fuel
roperties that inﬂuence ﬁre intensity.
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